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INTRODUCTION 



I . 

The process of planning the electronic warfare support 
for an air strike is complex and time consuming. There 
are sophisticated methods for data collection, analysis, 
and storage, and the effective employment of today's weapon 
systems depends on such data. However, no automated inter- 
face has been developed to assist the Electronic Warfare 
Officer in his efforts to correlate the two. It's all done 
by hand. 

The mission planning process reveals a pattern common 
to many technical problem solving efforts. The majority 
of one's time is spent gathering information and setting 
up the problem to be solved. Very little time is devoted 
directly to solving it. The data and information needed for 
EA-6B mission planning must be retrieved, by hand, from 
numerous source documents such as Kilting lists, TACMANUALs, 
computer printouts of the Electronic Order of Battle (EOB) , 
radar handbooks, etc. Much of the information contained 
in these documents is non-essential to the immediate problem 
of mission planning, and only adds to the time required for 
sorting and retrieval. Data lists must be made for later 
reference in flight, and charts must be marked showing the 
EOB, route of flight, and emitter detection envelopes. Only 
when all this preliminary work is complete can the scenario 
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be subjectively analyzed by the planner, and jammer posi- 
tioning optimized. Some calculations of jamming effective- 
ness may be performed, but these are so cumbersome and time 
consuming that an operator can seldom afford to make more 
than one or two such calculations, just to obtain a "feel” 
for the situation. The inefficiency is apparent, and under 
some circumstances, unaffordable. 
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II. 



DESIGN CONSIDERATIONS 



The primary objective was to automate as much of the 
planning process as possible, and allow the operator to 
devote more of his time to solving the problem of asset 
optimization. Speed and simplicity were the foundation 
for design considerations. The following is a description 
of the rationale used, and the decisions made which led to 
the final system design. 

Sorting, plotting, and calculating can be most effec- 
tively accomplished by a computer. Making decisions, or 
choosing between options is a relatively simple task for 
a human. Therefore, the software system is not a completely 
hands off, optimization routine. Rather, it is a series of 
steps requiring decisions from the planner at various points, 
indicating in which direction to proceed. The decision 
points arise whenever it is more efficient for the planner 
to perform some portion of the planning process rather than 
generating a computer code to do the same thing. All probable 
situations have been included in the system design. 

To minimize cost, the system is intended to utilize 
equipment and facilities currently on board aircraft carriers. 
Access to the ship's main computer at arbitrarily random 
times is not considered practical. Therefore, the system 
is designed for a small, peripheral type, general purpose 
computer. All Pacific Fleet carriers have been funded for 
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the WANG 2200 system, which is such a computer. The WANG 
system has; 

1) Central processor of moderate capacity - 32K 

2) Auxiliary storage of three 250K floppy disks 

3) Video display 

4) Typewriter for hard copy output 

5) X-y plotter capable of accommodating aeronautical 
charts. 

Naval Ocean Systems Command has developed an interface 
between the WANG computer and the ship's main computer for 
fast transfer of information, with no apparent interruption 
of the main computer's functions. 

The ship's computer contains the EOB for areas of the 
world in which the Navy has responsibility. The information 
contained in other reference documents is not presently in 
computer files, and the EA-6B TACMANUAL lists 13 separate 
publications for reference during mission planning. There- 
fore, an Emitter Parameter Library file was developed con- 
taining information retrieved from these various sources 
and stored in the floppy disk for reference. The library 
is an array containing EA-6B pertinent information on each 
type radar listed in the ship's EOB. When site locations are 
retrieved from the EOB in the main computer, the site type 
is retrieved also. The listing routine matches site types 
retrieved with the corresponding type in the Emitter Library 
and builds a "working" EOB. The parameters listed when the 
EOB is printed out are: 
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0 



1) Site number 

2) Latitude and longitude 

3) Threat type, e.g. Low Blow or Tall King 

4) Emitter function, e.g. Fire Control or Early 
Warning 

5) Frequency band and frequency range of emitter 

6) PRF range 

7) Automatic and manual jamming codes against the 
emitter 

8) Percent of frequency band of the emitter 

9) Pertinent remarks, e.g. "HOJ against noise”, or 

"SA-2, DLJ beacon at ^MHZ". 

The listing would be used by the operator to determine com- 
puter lists to generate for the mission, site locations to 
be programmed, and any preemptive jamming assignments to be 
made. The information included in the Emitter Library is 
arbitrary, and items can be added or deleted to suit the 
preferences of the squadron or community. Computer space 
may be at a premium, so the intent here is to include infor- 
mation of primary importance for quick reaction planning. 

No in-depth information on how the various codes were 
generated is presented. 

This first generation program produces a "Flat Earth" 
solution. This was necessary to keep solution time to a 
minimum. Geographical features are not presently stored 
in the ship's computer, and an algorithm will have to be 
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devised to accommodate this problem. One approach will be 
discussed in the proposals for system expansion. At present, 
it would require a great deal of time and inputs from the 
operator to include terrain features, which is at cross 
purpose with the guidelines of speed and simplicity. All 
conflicts concerning whether or not to automate a certain 
phase of the mission planning process were resolved within 
this framework. 
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III. SYSTEM DESCRIPTION 



A computer simulation was accomplished utilizing; 

1) IBM 360/67 general purpose computer 

2) Tektronix 4012 graphics terminal (30/12 system) 

3) Tektronix 4610 hard copy unit. 

FORTRAN language was used in the simulation and conversion 
to BASIC language used on the WANG 2200 is relatively 
straightforward due to the similarities of the two languages. 

The system that has been designed assists the operator 
as follows: The operator initiates the planning process by 

choosing one of three basic mission profiles; escort, modi- 
fied escort, or standoff. Next, either a route of flight 
for the strike group is entered, if it has already been 
chosen, or just the latitude and longitude of the target 
may be entered, allowing the operator to choose and enter 
a route later. The system produces a printout of the area's 
EOB. Next, the EOB, detection evelopes of the various 
emitters, and the route of flight are visually presented to 
the operator. This is a key point in the planning process, 
for once the visual presentation is available, the optimum 
route is often apparent at a glance. A large X-Y plotter 
appropriately marks the operator's chart with this presen- 
tation, if and when desired. If the operator wishes to 
consider a number of alternatives, each may be plotted on 
a transparent overlay, several of which may be presented to 
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the strike leader or staff for final decision. Then hard 
copies of the complete navigation solution and the Time 
Scenario of the route are printed. The Time Scenario is a 
minute-by-minute listing of the sites within detection range 
of the strike group and/or EA-6B. It contains all necessary 
information to react as quickly as possible to an onboard 
jamming system malfunction which would cause operation in 
a degraded mode. 

The operator may consider as many combinations of routes 
and mission profiles as he desires. The point to remember 
is that this is not an optimization routine. The aircrewman 
must make all the decisions. The success of his planning 
efforts will depend on how he uses his training, experience, 
and imagination, which is no different from the way things 
have always been. Hopefully he will have the chance to be 
considerably more effective by utilizing a system which 
performs most of the clerical tasks of mission planning for 
him. 
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IV. DETAILED PLANNING SESSION 



A. INTRODUCTION 

The following is a description of all aspects of system 
assistance available in a complete planning session. The 
assumption made is that the strike aircraft route of flight 
to and from the target has already been designated. The 
operator's task is to pick the most appropriate EA-6B mission 
profile, and optimize his assets accordingly. 

B. ESCORT MISSION 

Upon initiating the program, the operator can select any 
of the mission profiles for consideration. This example 
assumes consideration of the Escort mission profile first. 

The system then asks the operator to enter the strike air- 
craft route of flight to and from the target, including 
turnpoints, speeds on each leg of the route, and the magnetic 
variation of the area. At this point the system takes the 
given L/L's of the route, determines the maximum and minimum 
of each, and adds and subtracts 120 NM to the maximum and 
minimum, respectively. This sets the geographical limits 
of search in the EOB to be obtained from the ship's main 
computer. The system then accesses the current listing of 
the EOB. It searches through the EOB and retrieves all 
sites that fall within the geographical limits of the maximum 
and minimum latitudes and longitudes previously calculated. 
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It retrieves the site L/L and the site type (Fansong, 

Barlock, etc.). All these sites are stored in an array 
(list) in the peripheral machine, and matched with the 
appropriate parameters in the Emitter Parameter Library, 
as described in Design Considerations. 

The "working" EOB now contains all sites listed in the 
ship's EOB within the geographical limits set. The operator 
is asked if he wants to add any additional sites to the EOB 
that may be a result of recent intelligence (VQ, returning 
strike a/c, RA-5C missions, etc.). He also has the option 
to build his own complete EOB, ignoring the ship's listing 
entirely. This would be useful in exercises against friendly 
EOB ' s such as U.S. coastlines, EW ranges at Fallon and 
Pinecastle, etc. 

When the "working" EOB is complete, the system asks if 
the operator wishes a printout of the EOB. If a listing 
is desired, the operator can be selective by choosing to 
list all emitters, just EW/Acq type emitters, or just 
Terminal Threat types. The information presented comes from 
the "working" EOB and the Emitter Parameter Library. The 
listing contains information pertinent to EA-6B operators 
(see Fig. 1) . 

The next step in the process is to display the EOB and 
route of flight to the operator. He can display the route 
of flight and radar detection envelopes of all emitters, 
EW/Acq types only, or terminal threat types only. Once the 
desired combinations are entered, the sites, route of flight. 



16 



and detection envelopes are displayed (see Figs. 2,3,4), 
and the margin is scaled with appropriate L/L. The L/L 
convention used is + for N and E, - for S and W. The 
operator may choose to have this presentation drawn on his 
aeronautical chart, or on a transparent overlay. The dis- 
play and chart can be studied for terrain features, appro- 
priateness of route, etc. 

The next choice offered the operator is 'Do you wish a 
Navigation solution?’ for the route currently being considered 
It is necessary to have the NAV solution if a time scenario 
(discussed in System Description) is desired also. Several 
items calculated in the NAV solution, such as speeds, headings 
times, etc., are used in determining present position of 
the EA-6B as it proceeds around the route. If the operator 
doesn’t want the NAV solution, he is then asked if he wishes 
to consider a different route, or a different mission profile. 
If he does want the solution, it is displayed for him, and 
a hard copy is produced (see Fig. 8) . 

Next, the system asks "Do you want a listing of the Time 
Scenario?" If desired, the system proceeds as follows: 

1) It asks operator to indicate emitters of interest 
by type (all, EW/Acq only. Terminal Threat only) 
and by frequency band. 

2) It calculates present position (p/p) of the EA-6B 
beginning at the first point of the route. 
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3) It filters the "working" EOB for the proper type 
and frequency bands, calculates the range from p/p 
to each emitter having passed the filter, checks 
that distance against the "threat" range for that 
emitter listed in the Emitter Parameter Library. 

If the distance is within "threat" range, the 
important inflight parameters are displayed. 

4) After all sites are checked, time is incremented by 
a minute, and a new p/p is calculated using headings 
and speeds obtained from the NAV solution. 

5) There are detailed routines in this portion to 
check if the p/p increment goes around a turnpoint 
and if heading speed changes occur, or if the end 
of the route is reached. 

6) The process iterates around the entire route, 
minute by minute. 

7) The parameters printed out for the operator (see 
Fig. 9) in hard copy form are: 

a) Time 

b) Present Position 

c) Emitter Type 

d) "Working" EOB Number 

e) Range and Bearing to the emitter 

f) Automatic and Degraded jamming modes to use 

g) Relative percent of frequency band of the 
emitter . 
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The entire purpose of producing this scenario is to pro- 



vide the operator with all information necessary to devote 
a minimum of "inflight" time searching, analyzing, and 
reacting to known sites, allowing more time to concentrate 
on the unknown or unexpected emitters. The information will 
allow him to handle system degradations with as little con- 
fusion and consternation as possible. This program does 
not attempt to solve the problem of having fewer assets 
than number of sites in range. Here, again, the operator 
must decide relative priorities using information available 
such as ranges to the various sites (just entering or about 
to exit an envelope) , type emitters (AAA vs SAM, or SA-2 
vs SA-6) , and choose his asset deployment scheme accordingly. 
If the route is too saturated, perhaps a case can be made 
for an alternative route. 

After the Time Scenario is complete, the system offers 
the operator the options to consider a different strike 
route, or a different mission profile. If he wishes to 
consider a new strike route, he enters it and the system 
returns to the Display portion of the program. This example 
will retain the same strike route and next, consider the 
Standoff mission profile. 

C. STANDOFF MISSION 

A standoff mission is hereby defined as using an EA-6B 
to primarily jam EW/Acq type radars as the strike group 
proceeds to and from the target. The "raid" can usually be 
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divided into three phases; ingress, over the target, and 
egress. The standoff objective is to optimize jamming 
against EW/Acq emitters during ingress and egress. While 
the strike aircraft are over the target there is little in 
the way of effective jamming that can be accomplished (from 
a standoff orbit) against narrow beam fire control and 
missile control radars. Therefore, the operator usually 
attempts to optimize his track or orbit to cover the first 
and last phases of the strike. 

The program offers the operator a chance to view the 
EOB and various standoff stations. Often a single orbit for 
each phase (ingress and egress) is the optimum jamming posi- 
tion. Standoff jamming positioning is dictated by strike 
aircraft location. Therefore the system takes as inputs 
for the standoff solution, the strike aircraft route (in 
this example it has already been entered and need not be 
done so again) , and the latitude and longitude of a stand- 
off jamming point. Standoff jamming orbits are usually 
short enough in length with respect to distances to target 
emitters that jamming effectiveness will not vary signifi- 
cantly from one point in the orbit to another. Therefore, 
the midpoint of an orbit will suffice for most cases. 

Next the system displays the strike aircraft route, the 
EOB sites and their detection envelopes, and the standoff 
point for the EA-6B. The display may be filtered by the 
operator, as before, by type emitter groupings. Additionally, 
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detection envelopes depressed by jaitiming may be displayed. 
The operator can assess the effectiveness of this jamming 
orbit for various strike group locations around the route. 
Several different standoff points may be considered before 
the operator decides on the optimum position (s). As an 
example, perhaps a stationary orbit is optimum for the first 
15 minutes of the strike. Then the EA-6B must transit to 
an orbit some distance away, say 100 MM, for optimum posi- 
tioning to cover the egress. The operator can display the 
first orbit, the last orbit, and as many points between the 
two as desired. He would then have a visual indication of 
how his jamming effectiveness will be affected during the 
transit phase, and where the strike group is most vulnerable 
to EW/Acq emitters during the strike (see Figs. 5,6). 

As with the Escort mission discussed earlier, the opera- 
tor would receive a hardcopy printout of ; 

1) Strike group navigation solution 

2) List of jamming parameters for use in flight 
(see Fig. 11) 

3) Chart appropriately marked with the EOB, route of 
flight, and emitter detection envelopes. 

Operator judgment will play a large part in determining the 
success and speed at which optimum positioning of the stand- 
off EA-6B is accomplished. He must vary the parameters, 
consider the options, and then make the decision. The 
system will not do it for him. It does provide enough speed 
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and ease of computation to allow the operator the luxury 
of considering many alternatives before making his selection, 
something seldom affordable with current planning procedures, 

D. MODIFIED ESCORT 

The Modified Escort mission profile is one in which the 
jamming aircraft directly accompanies the strike group on 
it's route until such time as the group must penetrate 
AAA or SAM weapon envelopes. At such time, the EA-6B 
parallels the strike group just outside the weapon envelopes. 
Timing and positioning of the EA-6B is critical if any 
measurable success is to be achieved against fire control 
and missile control radars. 

If the operator wishes to plan for this profile, he 
proceeds as mentioned in the previous sections. He may 
enter the strike group route and the EA-6B route, or just 
the strike group route, or neither. In this example, the 
strike group route has been entered previously. The operator 
has the option of viewing the EOB and strike route before 
entering the modified escort route for the EA-6B. He also 
has available the NAV solution for the strike group, with 
the times at various turnpoints on the route. He may use 
this information to coordinate the timing and positioning 
of the EA-6B, consistent with the strike group route. Once 
this route has been entered, the Modified Escort route is 
added to the visual presentation (see Fig. 7) . If this 
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route is acceptable to the operator, he may have his chart 
marked with that route. He receives a printout of the EA-6B 
navigation solution, and a Time Scenario for the mission, 
if desired (see Figs. 8,10). The Time Scenario considers 
threats to both the strike group and the EA-6B, and lists 
the emitters "in range" accordingly. At the end of this 
sequence, the operator can alter the strike route, change 
the EA-6B route, change mission profiles again, or terminate 
the planning process. 
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V. PROPOSALS FOR PROGRAM EXPANSION 



1) The data base (Emitter Parameter Library) could be 
expanded to include EA-6B information grouped by weapon 
platforms such as ships, aircraft, and missile threat 
(ASM, SSM, and AAM) . This information is easily compiled 
and requires no additional computer calculations. Current 
auxiliary storage space is sufficient. A simple call for 
information on a particular ship or aircraft would produce 
a printout similar to the EOB listing available in the 
current program (see Fig. 12) . 

2) Terrain consideration is one of the most important 
aspects of EW mission planning. The U.S. Geological Survey 
has developed a procedure to store geographical features 

in computer format that may prove adaptable to this planning 
program. The approach would be to store the terrain fea- 
tures of various areas of the world on cassette tapes and 
load the particular area of interest into the computer when 
planning a mission. The amount of computer space and com- 
plexity of application may prove to be beyond the capabili- 
ties of a mini computer, but that should be investigated. 

3) If a refresh graphics display is available (the Tektronix 
is a storage tube, i.e. once the picture is drawn, it cannot 
be altered without redrawing the entire presentation) , it 
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may be possible to present a dynamic visual display of 
jamming effectiveness as a mission proceeds from beginning 
to end. The current program presents "snapshots" of the 
situation at various points selected by the planner. 

4) A current proposal for the ICAP II version of the EA-6B 
is to load a complete mission plan into the aircraft with 
a cassette tape. The intent is to go through the complete 
mission planning procedure in the Ready Room, compile all 
necessary data, enter it on a cassette tape, then take it 
to the aircraft and load it. The entire known scenario 
would then be stored in the aircraft's computer, lists would 
be automatically activated and deactivated, pre-programmed 
jamming assignments made, etc. Practially all the information 
required for such an effort is available in its current 
status. There would be a necessity to develop a language 
interface between the WANG and the aircraft computer. 
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Figure - 1 Listing of E.O.E. with EA-6B pertinent parameters. 




Figure - 2 Visual presentation for an escort mission profile with 

ONLY TERMINAL THREAT (FIRE CONTROL, MISSILE CONTROL) EMITTER OETECTION 

ENVELOPES OISPLAYEO. SiTE LOCATIONS +, ANO ROUTE OF FLIGHT B 

ARE SHOWN. The scale INOI CATES LAT/lONG WITH THE CONVENTION N/S = +/-, 
ANO E/w =« +/-. 




Figure - 3 Visual presentation for an escort mission profile with 

ALL EMITTERS ANO THEIR OETECTION ENVELOPES PRESENTEO. SITE LOCATIONS 

+, ANO ROUTE OF FLIGHT I ARE SHOWN, ANO THE SCALE INOICATES 

LAT/LONG WITH THE CONVENTION n/s = ANO E/W = 




Figure - ^ Visu 
only Early Warning 
Site locations +, 

INOICATES LAT/LONG 



AL PRESENTATION FOR AN ESCORT MISSION PROFILE WITH 

/Acquisition type radar oetection envelopes presenteo. 

ANO ROUTE OF FLIGHT B ARE SHOWN. SCALE 

WITH THE CONVENTION n/s * +/’, ANO E/W = 
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Figure - j Siiows strike Gt^.cup route / stando'^'^ jArr-ER PO-inoN . . 

AND TERniMAL THREAT EMITTER ENVELOPES (HOT DEPRESSED -Y JAi ■.•■'luo) . FIGURE - v ShOUS STf^IKE GkCUP ROUTE> STANDOFF JAMMER POSITION * 

E!.7AG EMITTER ENVELOPES ..NJAMMED (SOLID LINES) AND JAMMED (DASHEd"’ 
LINES). 




Strike .roup .'.avlgation Solution 
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Iaval sdlutions for a modified escort mission. 



Figure - 7 Shows strike group route b, EA-63 route and terminal 
threat emitter envelopes (not jammed). 



27 — 



TIME 



2 



3 



p«es »»•)« 

27 M -M 

6d -96 
26 59 -96 

26 59 -96 



ryP€ 

T<»LL KIHG 
SW«T t 
46 

TMLL KINO 
S^mST AC 

sMmsT B 

sa 

TACL KINO 
SyrOST AC 
smWT B 

S6 

tall king 



4 26 59 



-77 



TALL KINO 
SPT«ST AC 
SI*msT B 



eoB »«* B60 al/to octa* pwrr 

2 63 244 rr7 kTT 46 

6 77 319 rT4 kTT 26 

2 58 242 rr7 4# 

4 146 261 m trr 46 

6 74 33B PT4 ITT B8 

2 54 239 rf7 trr 4# 

4 141 261 rrt 46 

6 71 3 ai rr4 grr 26 

2 49 236 fTT kTT 46 

4 136 262 m kFT 46 

B 66 33* rT4 vrr 26 



2 44 233 rr? wrr 46 

4 131 282 m 46 

6 66 334 rT4 28 



5 26 58 



16 

TALL KINO 
3PNA8T AC 
SPNA5T B 



a 46 229 FT? UFT 46 

4 126 283 rrt 46 

6 64 336 FT4 k»T 28 



6 36 58 

7 c6 58 



-97 le 

TALL kino 
SPriAST AC 
fPN*57 3 
-97 22 

TALL KINO 
5PNR5T AO 
SPNKSr B 



2 36 824 

4 lai 2B4 

6 63 343 

3 33 217 

4 116 26S 

5 52 34- 



FT7 l#T 4# 

r*-9 UFT 46 

F-»*4 UFT 26 

FT7 46 

FT2 «« 

FT4 trr 26 



TINE 


PWE5 


POS 


TMH 


COB 


©NG€ 


BPG 


AUTO 


DCGH 


PSCT 


• 


37 m 


-96 


34 




















tall kino 


2 


76 


146 


FT7 


ITT 


4© 








SPt9WT B 


6 


87 


312 


FT4 




26 


I 


37 63 


-96 


31 




















tall kino 


a 


B1 


249 


FT7 




4© 








SPr©»ST AC 


4 


17© 


279 


rra 




46 








sw^st b 


6 


9© 


3©« 


FT4 


VPT 


86 


a 


27 ©3 


-96 


as 




















TALL KING 


2 


84 


149 


FT7 


(#T 


4© 








5IN9TST AC 


4 


173 


276 


rra 


UFT 


46 








SPmST B 


6 


32 


366 


FT4 




26 


3 


27 ©4 


-96 


as 




















TALL KINO 


a 


66 


249 


FT7 


UFT 


4© 








SPT«ST AC 


4 


ITS 


276 


FT2 




4© 








5W«ST B 


• 


93 


3©7 


FT4 


l#T 


28 


4 


27 ©4 


-06 


a© 




















tall king 


2 


87 


as© 


FT7 


UFT 


4© 








SAmST AC 


4 


176 


arrt 


m 




46 








3PN6ST B 


6 


94 


3©6 


FT4 


l#T 


28 


5 


27 ©4 


-96 


IS 




















tall king 


a 


86 


26© 


FT7 


UFT 


4© 








SPmsT AC 


4 


I7i 


276 


m 




46 








SPNAST B 


6 


94 


3©6 


FT4 




26 


6 


a? ©5 


-06 


18 




















tall king 


a 


86 


2S© 


FTT 




4© 








SPtKlST AC 


4 


177 


271 


rra 




46 








SPNPST 1 


6 


94 


3©6 


FT4 


UFT 


28 


7 


27 ©5 


-96 


17 




















tall king 


2 


89 


as© 


FT7 


fcTT 


4© 








SPNAST AC 


4 


177 


276 


FT2 


kTT 


46 



SPNR5T 9 CP 



Figure - 0 .his is a portion of the time scenario for an escort 

MISSION SHOWING PARAMETERS fJECESSARY TO ANTICIPATE ALL KNOWN SITES, 
AuD TO REACT TO SYSTEM MALFUNCTIONS CAUSING DEGRADED MODE OPERATION 
WITH A MINIMUM OF CALCULATION. ME SiTES ARE CNLY LISTED IF THE 
STRIKE GROUP IS WITHIN THE DESIGNATED DETECHON RANGE, 
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Figure - 11 Jamming parameters for a standoff mission from 

ORBIT POINT INDICATED. 



KASHIN DLG 



ARMAMENT: SAM 20 x SA-N-15 (2 TWIN) 
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Figure - 12 Typical printout of EA-6B pertinent information 

BY WEAPON PLATFORM. 
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